Abstract. This paper studies on the effect of synthesis parameters towards the performance of superabsorbent carbonaceous polymer (SPC) via inverse suspension polymerization method. The SPC consists of acrylic acid, acrylamide, and carbon filler. In this work, four independent factors (synthesis parameters) i.e. the content of carbon filler, the content of initiator, the content of crosslinker and reaction temperature that affecting the water absorbency of SPC was investigated. A 2 4 full factorial design was used to investigate the effect of independent factors as well as the interaction factors on the water absorbency of SPC. Apart from reaction temperature, other factors were shown to have the significant effect on the water absorbency of SPC. The results showed the order of significance: initiator's content > crosslinker's content > carbon filler's content > reaction temperature. Meanwhile, interaction factor of carbon filler's and crosslinker's content had the strongest effect on the water absorbency amongst the other interactions. The highest water absorbency of the SPC was achieved at the conditions (filler's content (A): 0.05wt%; initiator's content (B): 0.10wt%; crosslinker's content (C): 0.001wt%, and reaction temperature: 70⁰C).
Introduction
Superabsorbent polymers (SAP) are three-dimensionally cross-linked hydrophilic polymers with the ability to absorb, swell and retain large volumes of water, saline water or aqueous solutions up to hundreds of times their own weight without dissolving [1, 2] . High-performance superabsorbent materials conventionally are synthesized from the polymerization process of acrylic esters, polyacrylamide and other unsaturated monomers [3, 4] . Inverse suspension polymerization technique is an attractive method to synthesis SAPs in powder or microspheres (beads) form [5] .
In this work, SAPs have been incorporated with carbon fiber (filler) due to the value added of the carbon element in soil. The incorporation of these fillers ensures a good balance between high swelling and adequate mechanical properties and even can create new ones (e.g. biocompatibility, biodegradability, antimicrobial, etc.) [6] .
Back in the time, one-factor-at-a-time (OFAT) approach is used for running experiments. By using OFAT, the estimation of the factor effects is less precise and interaction between factors cannot be estimated because there is no information and this can mislead the optimal conditions of the process. On the other hand, Design of Experiments (DOE) is an alternative answer to the above challenges. DOE is one of the most useful statistical techniques as it offers a number of advantages. It able to cover a wide range of experimental statistics, obtain unambiguous results with a minimum number of experiments and discover the presence of interaction between the factors of the process. When the interaction effect of several factors on the response need to be study, factorial designs are widely applied particularly 2 k factorial design in the beginning stages of experimental work. 2-level factorial designs have been introduced in screening the factors in which to determine the degree of effect from the factors [7, 8] .
There has not been any literature reported on the application of full factorial design to determine the effects of factors on the water absorbency of superabsorbent carbonaceous fiber polymer (SPC) via inverse suspension polymerization method. In the present study, the SPC will be synthesized by inverse suspension polymerization with acrylic acid (AA), acrylamide (AM) and carbonaceous fiber as raw material. The effects of carbonaceous fiber filler, N,N'-methylenebisacrylamide (NNMBA) crosslinking agent, ammonium persulfate (APS) initiator and reaction temperature on water absorption are explored. This preparation of SPC using inverse suspension polymerization will become the major challenge due to the properties of the materials used and it is still new. Therefore, 2 4 level factorial design was used to design the experiment, generate a model and optimize the process variable. The overall objective is to maximize the water holding capacity as well as improving the properties of SPC.
Experimental

Materials
Chemicals used for synthesizing the SPC were acrylic acid (AA), acrylamide (AM), N,N'-methylenebis(acrylamide) (NNMBA), ammonium persulfate (APS), sodium hydroxide (NaOH), sorbite anhydride monostearic acid ester (Span-80), cyclohexane and methanol supplied by Merck. Carbonaceous fiber (filler) was obtained by processing Kenaf via hydrothermal carbonization process (HTC).
Methods 2.2.1. Production of superabsorbent carbonaceous fiber polymer (SPC) via inverse suspension polymerization method.
A continuous phase was prepared by mixing cyclohexane and span-80 in a five-neck round bottom flask equipped with a magnetic stirrer, reflux condenser, nitrogen line and immersed in a water bath. Then, the specific amount of carbonaceous fiber (0.01-0.05wt%) and NNMBA (0.001-0.004wt%) were added to the continuous phase. The mixture was then stirred with 300rpm agitation speed until it was wellmixed. Next, a dispersed phase was prepared by adding partially neutralized acrylic acid, sodium hydroxide, acrylamide and the specific amount of APS (0.10-0.25wt%) in a beaker. After that, the dispersed phase was added slowly into the flask that contains the continuous phase and purged with nitrogen gas for 15 minutes. It was then stirred and the reaction was held for 3 hours at the desired temperature (50-70°C). The resulted polymers were then filtered, washed with methanol and dried at 60°C in an oven for 24 hours.
Experimental design.
In the present study, 4 factors e.g. content of filler, initiator, crosslinker, and reaction temperature were taken into account to investigate their effects on the water absorbency of SPC using a 2 4 full factorial design. Table 1 shows the designed factors and levels to be employed for the experiments. A total of 16 experiments runs were conducted. Factor level was coded as -1 (low level) and +1 (high level) where low level indicates the lowest range of the factors and high level indicates the highest range of the factors. The experiments were carried in 3 replicates. The order in which the experiments were run randomized to avoid systematic errors. The outputs of the experimental design were analyzed with Design Expert (DX7) software to evaluate the effects as well as the statistical parameters. The response was analyzed using ANOVA based on the p-value with 95% of confidence level. 
Water absorbency test.
Tea bag method was used to measure the water absorbency of the synthesized SPC. A specific amount of SPC was put into the tea bag and then immersed in a beaker of distilled water. After 24 hours, the tea bag was allowed to drain for 10 minutes to remove the excess water and then been weighed. Water absorbency was calculated using below equation;
Where m2 is the weight of tea bag after reach equilibrium and m1 is the initial weight of tea bag before immersed in distilled water [10] . A total of 16 experimental runs were performed to screen significant process parameters as per 2 4 full factorial design (Table 1) . The four parameters were studied simultaneously at a low and high level to determine the degree of the effect of the factors on the response. Independent factor e.g. filler's content (0.01 to 0.05wt %), initiator's content (0.1 to 0.25wt %), crosslinker's content (0.001 to 0.004wt %), and reaction temperature (50 to 70°C) have been taken into account to investigate their effect on the water absorbency. The water absorbency was ranged from 52.885 g water/g sample to 178.247 g water/g sample. The highest water absorbency of the SPC was achieved at the conditions (filler's content (A): 0.05wt%; initiator's content (B): 0.10wt%; crosslinker's content (C): 0.001wt%, and reaction temperature: 70⁰C).
Result and discussion
Screening of factors affecting the water absorbency of SPC
Statistical analysis on water absorbency
The significance of the interaction between the factors on water absorbency was evaluated through an effects list of % contribution more than 1 as shown in Table 2 . It is noted that the interaction of B*C had the strongest effect on the water absorbency of SPC. The order of significance of main factors: B > C > A > D. The relative importance of main effects and their interactions can be seen by Pareto chart as shown in Figure 1 . The bonferroni limit line in the chart indicates the maximum statistically significant effect magnitude meanwhile t-value limit line indicates the minimum statistically significant effect magnitude. Any effect that extends beyond this two lines is potentially important. According to the chart in which the bar lengths are proportional to the absolute value of the estimated effects with 95% confidence level, it was possible to verify that the B demonstrates the most significant effect on the water absorbency. The effect of C on water absorbency was half of the effect of B. Even though, the interaction of A*C was lower in comparison with main effects of B and C, but it was also statistically significant at 95% confidence level. The interaction of A*A was followed by the interaction of B*C. Although the main effect of A, the interaction of A*B*C and the interaction of B*D have significant effects on water absorbency, their levels were only a small amount compared to others. Meanwhile, the linear effect of D had been verified as not statistically significant on the water absorbency.
The blue colour bar shows a negative effect of a given factor. A negative effect of a given factor (i.e., B and C) indicates that the respond (water absorbency of SPC) decreases with the increase in the value of that factor. While the orange colour bar shows a positive effect of a given factor. A positive effect of a given factor (i.e., A) indicates that the response increases with the increase in the value of that factor [9] . This was consistent with the findings of [2] and [4] as the increase of carbon filler will give greater values of water absorbency due to the carbonaceous fiber has cross-linked with the polymer chain. Two model terms; B and C were selected for model building with values of Prob>F less than 0.0001 which indicate both of the model terms were the most statistically significant. In the valid range from -1 to +1 for the experimental conditions used in this study, the determination coefficient of the proposed mathematical model can explain about 98.33% of the variance (R 2 ).
